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Abstract - Smart farming techniques using the
Internet Of Things(IOT) are arising concepts because
electronic  sensors are capable of providing
information about humidity, ph, temperature, soil
moisture, water level, etc, and other necessities for
farming then act upon based on the sensor's input.
This paper focuses on the development of a system
that can monitor temperature, level of water,
moisture, ph, and even weather conditions so that
we can prepare for precautions when necessary
through sensors using Arduino UNO microcontroller
and a Machine Learning Algorithm. This project
aims at making use of evolving technology Ii.e.
Internet Of Things and Machine Learning. Once the
hardware has been developed depending on the
change in requirements and technology the software
and hardware need to be updated. This new
version requires relentless testing to ensure changes
are done in the old version so that it works
correctly without any bugs in other parts of the
system. This is necessary because updating one part
of the hardware may bring some icky effects on
other parts of the hardware.

Key Words: Internet of Things (IOT), Machine
Learning, Smart Faming, Indoor Farming,
Arduino UNO, Soil Moisture Sensor, Water

level Sensor, Temperature Sensor.
1.INTRODUCTION

The Smart Farming System is an Internet Of
Things and Machine Learning-based device which is
capable of automating the irrigation process by
analyzing the moisture of soil and the climate
condition (like rain). Soil Parameters like soil
moisture, pH, and Humidity are measured and the
Pressure sensor and the sensed values are
displayed on an OLED panel and also on a
mobile application.

The need for an automated farming system is to
overcome over-irrigation and under irrigation. The

purpose of a smart farming system is to defeat
the conventional methods of farming done by
farmers. The conventional methods were the ones
in which the farmer did everything manually by
user interaction with the motors, pump, etc. This
was time-consuming and had unpredictable output.
Conditions such as unexpected weather, under
irrigation, and over-irrigation impacted traditional
methods as well .The farmer was not able to
complete everything at a particular time and
usually, this led to decreased output and poor
management.

The goal of smart farming is to ground a
decision-making support system for farm
management. Smart farming deems it necessary to
address the issues of population growth, climate
change, and labor that have gained a lot of
technological attention, from planting and watering
of crops to health and harvesting

Thus there came the need to automate it and
make a Smart system so that all the processes
can be improved.

Hence we are re-engineering the system as
Advanced Irrigation System which would be very
accurate in nature due to the various machine
learning techniques which have been applied to it
to make the system possibly efficient in nature.

Thus, we aim to achieve an Advance farming
system that offers complete automation by taking
in parameters like temperature, water content,
humidity, light, etc, and then predicting the future
values and according to these predictions
controlling the entire process on its own and
hence making the process fully automated in
nature.

The following techniques are among the current
trends in the smart irrigation market:
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1. Drip Irrigation: This enables exact control of
water and fertiliser application, resulting in a
significant reduction in the amount of water
required for agricultural irrigation.

2. Water Flow Measuring: Using water flow
meters to precisely measure water usage can help
farmers avoid overwatering and save money.

3. Data Analytics: New software solutions that
crunch vast volumes of data can supply farmers
with critical knowledge they didn't have before.

4. Drilling More Wells: As the water table drops
due to unsustainable pumping levels, farmers are

relying more on groundwater supplies for
irrigation.

1.1 Problem Definition

Collecting Information related to the farm

environment viz soil moisture, humidity, etc , and
providing adequate support to the system with the
use of Machine Learning Algorithm and putting the
farmer at ease.

It can be monitored using an application that
will be designed on the Machine Learning Platform
and creating a network between the sensors, and
a microprocessor, Hence overcoming the manual
operations required to monitor and maintain the
agricultural farms and saving a lot of time for the
farmer.

2. LITERATURE REVIEW

Balaji Banu [1] designed a wireless sensor network
to observe the conditions of farming and increase

crop yield and quality. Sensors are wused to
monitor different conditions of the environment
like water level, humidity, temperature, etc., The

processors ATMEGA8535 and ICES8817 BS, analog
to digital conversion, and wireless sensor nodes
with wireless transceiver module based on Zig bee
protocol are used in the designing the system.
Database and web application is used to retrieve
and store data. In this Experiment, the sensor
node failure and energy efficiency are managed.

Liu Dan [2], Joseph Haule, Kisangiri Michael [3]
and WangWeihong, Cao Shuntian carried out
experiments on intelligent agriculture greenhouse
monitoring system based on Zig Bee technology.
The system performs data acquisition, processing,
transmission, and reception functions. Their
experiments aim to realize a  greenhouse
environment system, where the system efficiency to

manage the environment are a and reduce the
money and farming cost and also save energy.
IoT technology here is based on the B-S structure
andcc2530 used like a processing chip to work
for wireless sensor node and coordinator. The
gateway has Linux operating system ana d cortex
A8 processor actthe as core. Overall the design

realizes remote intelligent monitoring and
controlgreenhouseen house and also replaces the
traditional wired technology twithwireless, also
reduces manpower cost.

Joseph haule [3], Dragos Mihai Ofrim, Bogdan
AlexandruOfrim, and Dragos Iloan Sacdleanu have

proposed an experiment that explains the use of
wsn used in automatic irrigation. Irrigation control
and rescheduling based on wsn are powerful
solutions for optimum water management through
automatic  communication to know the soil
moisture conditions of irrigation design. The
process used here is to determine the proper
frequency and time of watering are important to
ensure the efficient use of water, high-quality crop
detection delay throughput, and load. Simulation is
donefor agriculture by OPNET. Another design of
wsn is deployed for irrigation systems using Zig
bee protocol which will impact battery life. There
are some drawbacks as wsn is still under
development stage with unreliable communication
times, fragile, power consumption and
communication can be lost in the agricultural field.
so automated irrigation systems and scheduling
based on wireless sensor networks are used. WSN
uses low power and a low data rate and hence
energy-efficienttechnology. All the devices and
machines are controlled with the help of inputs
received via sensors that are mixed with soil
Farmers can analyze whether the system performs

in normally or some actions need to be
performed.
Vijay Kumar [4], Lin Zhang, Min yuan, Deyi Taij,

Xia Oweixu, Xiang Zhan, Yuanyuan Zhang studied
the work of rural farming communities that
replaces some of the traditional techniques. The
sensor nodes have several external sensors namely
leaf wetness, soil moisture sensor, soil pH,
atmospheric pressure sensors attached to it. Based
on the soil moisture sensor the mote triggers the
water sprinkling during the period of water
scarcity and switches off after adequate water is
sprinkled. This results in water conservation and
soil pH is sent to the base station and in turn
base station intimates the farmer about soil pH
via SMS using GSM model. This information helps
the farmers to reduce quantity of fertilizers used.
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A development of rice crop monitoring using WSN
is proposed to provide a helping hand to farmers
in real time monitoring and increasing the rice
production. The automated control of water
sprinkling and ultimate supply of information is
implemented using wireless sensor network.

G. Nisha [5], Chun-ling Fan, Yuan Guo proposed a
wireless sensor-based automated irrigation system
to optimize water wuse for agricultural purpose.
The system consists of distributed wireless sensor
network of soil moisture, and temperature sensors
mounted in the crop field. Zigbee protocol is used
to handle the sensor information and water
quantity  programming  using  algorithm  with
threshold values of the sensors sent to a micro
controller for irrigation system. Data inspection is

done wusing by using solar panel and cellular
internet interface. A wireless camera is fixed in
crop field to monitor the disease area using

image processing technique.

Meng Ji-hua [6] conducted a research on growth of
cereal crop seedlings, as well as the status and
trend of their growth. This paper introduced the
design, methods used and implementation of a
global crop growth monitoring system, which
satisfies the need of the global crop monitoring
in the world. The system uses two methods of
monitoring, which are real-time crop growth
monitoring and crop growing process monitoring.
Real-time crop growth monitoring could get the

crop growing status for certain period by
comparing the remote sensed data (NDVI, for
example) of the period with the data of the
period in the history (last year, mostly). The
differential result was classified into several
categories to reflect the condition at difference

level of crop growing. In this system, both real-
time crop growth monitoring and crop growing
process monitoring are carried out at three scales,
which are state (province) scale, country scale and
continent scale. Global crop growth monitoring
system was found in this design and built a
system that can monitor the global crop growth
with remote sensing data. The system showed the
characteristics of fast, effective, high credibility and
operational in its run.

Alan Main-waring [7], A. Sivasankari, S. Gandhimathi
have provided an in-depth study of applying
wireless sensor networks to real-world habitat
monitoring. A set of system design requirements
are developed that cover the hardware design of
the nodes, the design of the sensor network, and
the capabilities for remote data access and

management. To evaluate this implementation, have
deployed an initial prototype network at the
James San Jacinto Mountains Reserve (JMR) in
Idyllwild, California. JMR is a 29-acreecological
preserve, representing just one of the University
of California System Natural Reserve System’s 34
land holdings. JMR climate is different from GD
and weather changes can exists for long time.
The data collection can be made easy from
previously inaccessible using a micro-measurement

scale.  Xiao

[8] Fiona Edwards Murphy, Emanuel Popovici,
Whelan, and Michele Magno Proposed agriculture
monitoring system using wireless sensor
network(WSN). The conditions can be monitored in
real time are temperature, light intensity, and
humidity. The experiment involves the hardware

and software design of the built modules, network
topology and network with the challenges.
Design explains how the node can achieve
agricultural condition information collection and
transmission. The system 1is compact in frame
work, lightweight, good in performance and
operation. It improves the agricultural production
efficiency automatically.

Ling-ling LI [9], Wen-Yao Zhuang, Miguel Costa
Junior, Pedro Cheong, Kam-Weng Tam [12] have
proposed system uses ZigBee technology. This
research deals with hardware and the software of
the network coordinator node and the sensor
nodes. The theoretical and practical results show
that the system can efficiently capture greenhouse
environmental parameters, including temperature,
humidity, and carbon dioxide concentration and
also clears the normal communication between
nodes and the network coordinator, good network
stability. The implementation explored values used
in the complex greenhouse environmental
monitoring.

Yunseop Kim [14], R. Balamurali, K. Kathiravan [15]
have proposed the design for wireless sensor
network (WSN) for a water irrigation control and
monitoring that is composed of a number of
sensor nodes with a networking capability that is

deployed for an ad-hoc for the purpose of
ongoing monitoring. The parameters used in the
water reservation control are water levels and

motor movement of the gate controlling the flow
of water which is measured by the sensors,
which will sense the condition and forward it to
base station or control room. This proposed
system offers a low power consumption with high
reliability based on the result. The use of high
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power WSN is suitable for tasks in industries
involving huge area monitoring like manufacturing,
mining constructing, etc, The system discussed
here is very easy to install and the base station
can be placed at the local residence close to the
area of monitoring where a person requires
minimal training at the beginning of the system
installation.

Giuseppe Anastasi [16] designed a WSN-based
system to monitor the productive cycle of high-
quality wine in a sicilian winery. This project
aimed to ensure overall good quality of the
production. The design incorporates accurate
planning in field, the stored product preservation.
Wireless Sensor Networks are deployed as the
sensing infrastructure of distributed system to
control prototype productive chain, nodes have
been deployed both in the field and in the cellar,
where wine aging is produced. The data is
collected at a main unit in order to process
inferences that suggest timely interventions that
preserve the grapes quality.

Rwan Mahmoud [17], Chen XianYi, Jin Zhi Gang,
Yang Xiong [33] describes the security issues of
Internet of Things which are directly related to
the wide application of the system. Beginning with
the architecture and features of 10T, expands
many security issues that exist in three layered
architectures, and came up with solutions to the
issues. The safety measures concerned with it, the

ones about perception layer are particularly
viewed, including algorithm and key management,
security  routing  protocol and data  fusion
technology, as well as authentication and access
control, etc.

Dragos Mihai Ofrim [18], Zulhani Rasin, Hizzi

Hamzah Mohd, Shahrieel Mohd Aras [24] designed
an improved system for environmental monitoring
and controlling in terms of efficiency, flexibility
and performance. Some parameters that have been
taken into consideration are resolution, accuracy,
acquisition rate, energy consumption, flexibility etc,
The designed system allows multi-point monitoring
at any location, without any need of wired
connection and have intelligent sensors. The
measuring point density offers high accurate data
even from the remote locations. A split is created,
in terms of physical connection, between the
measuring, monitoring and control parts, making
the system extremely flexible. The disadvantage of
this system is regarding power consumption, which
is a key factor of wireless sensor networks.
Therefore, the sensor nodes require a good

resource management in network. This paper uses
Zig bee protocol. Improvements and further
developments of this system predicts: alternative
energy resources, algorithms for energy saving,
increased connectivity and reduced traffic. To
monitor the parameters from a greater distance,
this system could be

supplied with GSM or Wi-Fi transmitters, to be
able to transfer the information through existing
telecommunication networks.

Rachel Cardell-Oliver [19]
and implementation of a

network for environmental
moisture and evaluates

solution. A novel feature
is its reactivity to the environment: when rain
fall sand soil moisture is changing rapidly,
measurements are collected frequently, whereas
during dry periods between rainfall event
measurements are collected much less often.

allows to focus on dynamic responses and limit
the amount of useless data gathered, as well as
improving robustness and network lifetime. The
main aim of this experiment is to demonstrate a
reactive sensor network that can deliver useful
data on soil moisture responses to rainfall. The
Pin-jar network meets the goal of providing useful
data on dynamic responses of soil moisture to
rainfall. Future work will focus on addressing the

described the design
reactive event driven
monitoring of soil
the effectiveness of this
is to create a solution

limitations of the in robustness of packet
delivery  and network  longevity, and in
guaranteeing network response to events of

interest. Authors plan to generalize event-condition-
action framework for programming reactive sensor
networks.

Duan Yan-e [20] explained that agricultural
information technology (AIT) is widely applied to
every part of agriculture and is going to become
the most efficient means and tool for enhancing

agricultural production and for making use of
complete agricultural resources. Agriculture
Information Management affects the range of
agricultural information and the efficiency of

agricultural production. In this experiment, on the
count of introducing the concept of agricultural
information management and analyzing some of
the features of agricultural data, the design
method and architecture of Intelligent Agriculture
MIS were designed in detail, finally, the proposal
gives an implementation illustration of the system
in agricultural production.
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Fiona Edwards Murphy [21] proposed system uses
Wireless Sensor Network (WSN) technology to
monitor a honeybee colony and collect information
about the activity within a beehive as well as its
surrounding area. The project uses low-power WSN

technologies, including novel sensing techniques,
energy-neutral operation, and multi-radio
communications including cloud computing to

monitor the conditions within the colony. WSN is
a modern new technology, it is an important
concept of the Internet of Things. A complete
solution is presented including a smart hive
communication with data aggregation and
visualization tools. Future work will focus on
improving the energy performance of the system,
introducing a more specialized set of sensors,
implementing a machine-learning algorithm to
extract meaning from the data without136 human
supervision; and securing additional deployments of
the system.

In [43], the authors have proposed an irrigation
system that assists to diminish water wastage and
mechanizing the water system structure for huge
regions of cropland. The system evaluates the
necessity of water in the crop based on the
behavior of atmospheric temperature, humidity, and
soil moisture. The framework utilizes a machine
learning technique and contrasts sensed values
acquired from sensors and limits values that have
been given to machine learning for further
analysis. After this procedure, the ML algorithm
cross-checks the outcome acquired with the
weather forecast and afterward provides a decision
on whether water supply should be done or not
[44]. The user gets an immediate notification on
his mobile phone and he can decide to turn on
the water supply with a simple click. Also, the
framework has a web application and is useful if
at any point the user needs to see the analytical
sensor information and evaluate the changes in
sensor readings all through a timeframe. Moreover,
the framework can be aligned for various sorts of
plants, that is, the client is given a list of plant
decisions in his web application and mobile
application [45]. With this, the farmer can pick
the particular sort of plant that is being
cultivated and get an increasingly exact threshold
limit and in this manner a progressively precise
irrigation prediction. In addition, an SMS alert can
be coordinated by chance there is no web access.
With this, the client would be informed about the
predictions utilizing an SMS and he can decide to
turn on or off the water supply to the crop by
answering the SMS that the user received.

In [46], the authors have introduced IoT to detect
the physical data and send it to the user. They
also highlighted methodologies that can be utilized

to provide solutions to different problems like
recognizing rodents, and several risks to crops.
IoT device is developed using python scripts,

which can send a notification with no human

interference.

In [47], the authors have discussed the concepts of
web services and IoT which have a great capacity
in handling the huge data regarding the cultivation
field by wusing the concept of the internet of
things and other web services. This combination
of cloud services and IoT has advanced quickly
and also contributed a lot to developing numerous
smart solutions for the problems in agricultural
fields as well as problems faced by the farmers,
very productively [48]

In [49], the authors proposed an intelligent water

system that will go about as a benefit by
optimizing the water system while showing the
issue of water deficiency by initiating optimal

utilization of water through modernized IoT-based
procedure. The brilliant irrigation module can be
altered to the particular need of different yields.
This information can be put away on the server

[50]. Given the harvest chosen by the farmer on
the mobile apps, information would be retrieved
from the servers and the framework would modify

itself accordingly, bringing about an efficient
irrigation system and expanded yields

3. RESEARCH GAP

3.1 Agricultural Automation And Robotics:

(PRESENT APPLICATIONS)

In agriculture, the automation of specific operations
has enabled the farmers to manage crop
production efficiently with less energy and cost.
Factors such as the lack of agricultural workers
in addition to the aging farmer population and
the increasing agricultural wage have made the
farmers and researchers play interest in the
development of automation systems in agriculture.
The implementation and development of agricultural
automation have been executed by autonomous
robots and agricultural types of machinery such as
tractors  which are  usually attached  with
cultivators, planters, cultipacker, and chisel plows.

Figure 1 shows several agricultural robots and
types of machinery which require automation to
enhance the efficiency of the agricultural operation.
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Based on Figure 1, the application of automation

and robotics in agriculture can be varied
significantly. The execution of agricultural
operations needs to be executed by different

robotics and vehicle structure based on the type
of land and operation requirement. Different robot
and vehicle structures had its limitation that need
to be solved by using other types of machinery.
The robotic structure cannot execute extreme
operations in agriculture due to its sensitive
characteristic toward water and mud. Therefore,
the tractor is being used to execute such a task

due to its great ability to traverse inside the
muddy structure and less protection against
electronic circuits. On the other hand, tractor

applications are only limited to a wide area due
to their large structure. Thus, the application of
the small area needs to be executed by a mobile
robot. For drone application, it is only applicable
to open areas and its application would be
insignificant to a closed area such as the
greenhouse as the probability of collision will be
increased. To explore more the present application
of automation and robotics in agriculture, the
categorization was made based on the different

agricultural operations.

Figure 1. Agriculture robot and machineries (a)
BoniRob [23] (b) Shrimp robot [24](c) Chisel
cultivator [25] (d) DJI AGRAS MG-1S Drone

sprayer [26](e) Combined harvester [27]
3.1.1 Planting

Planting is the process of putting seeds or young
plants into the ground to begin the growth phase
of the plant. This procedure necessitates a higher
level of precision because various plants require
varied distances between them to optimize growth
and output. A farmer must physically insert each
seed into the soil in the traditional planting
process. This method necessitates a significant
amount of time and effort because the process
requires a high level of consistency and precision,

and it typically spans a large agricultural area. As
a result, a planter machine has been invented, in
which the farmer will operate the machine by
controlling the machine. The machine will not be

in a straight line, and there will be certain
regions where the planter will be unable or miss
planting the seed. As a result, an efficient

autonomous system is required that ensures the
production of a straight-line plant row and does
not miss any seed planting. motion while
simultaneously planting the seed into the soil
Figure 2 depicts the planters that have been built
for the planting of various plants. As shown in
Figure 2, the designed planter is normally pulled
behind a tractor and used to plant seeds in a
repetitive action. Because the tractor and planter
are operated by humans, the row's consistency
will be impacted because the row will not be in
a straight line and there will be some locations
where the planter is unable or misses to plant
the seed. As a result, an efficient autonomous
system is required that will ensure that a
is produced and that no

straight-line plant row
seed planting is missed.

(c)

Figure 2. Planters (a) Single-seed corn planter
[28], (b) Minimum-tillage planter [29], (c) Billet
planter [30]

3.1.2 Inspection

In agriculture, inspection refers to the process of
inspecting or observing plants for diseases or
quality flaws. Plant diseases are the primary cause
of reduced productivity in agriculture, which
results in economic losses. Because the agricultural
environment is so dynamic, plants and their
products have been affected by a variety of
unexpected and typical stress scenarios such as
changes in temperature, humidity, water levels,
disease outbreaks, and pests. Farmers have
typically wused their human vision system to
manually inspect plant anomalies to carry out the
inspection. Farmers' ages have risen in recent
years, reducing the efficiency of inspection
operations since the quality of the human vision
system deteriorates with age. Furthermore, the
adoption of agricultural inspection automation
necessitates the development of a system to
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replace the ability of human vision to carry out
the inspection process. As a result, computer
vision is increasingly being used to replace human
vision in agricultural plant inspection.

3.1.3 Spraying

In agriculture, spraying is a
administering pest-control
growing media to plants

common way of
chemicals, fertilizers, or
in the form of a fine

mist for disease treatment and plant growth
management. To limit the spread of illnesses, pest
control  chemicals are normally administered
consistently over the fields in most farming
operations. Even though several pests and illnesses
have an wuneven spatial distribution, especially
during the early phases of development, this
strategy is used.

As a result, in the last two decades, selective

spraying has been developed and explored to
reduce the cost of pest-control chemicals used in
agricultural operations. The automated selective
spraying technique, which is normally carried out
by highly automated equipment or mobile robots,
allows pesticide application to be targeted only
where and when it is needed. The major goal of

this targeted operation is to reduce pesticide
usage while also avoiding the development of
infection and subsequent epidemics across the
greenhouse.

3.1.4 Harvesting

Harvesting is the process of gathering agricultural
goods to be processed or sold in agriculture. The
fruits or vegetables must be collected and stored
for further processing or sold directly to the
buyers to run this operation. This method is
recognized as a time-consuming and labor-intensive
process since it necessitates extensive observation
and a repeating operation.

As a result, throughout the last few decades, the
development of autonomous harvesting systems has
been extensively pursued.

Several implementations for various types of crops
have been done in the last few years, including
strawberry, apple, tomato, kiwi, capsicum, grape,
litchi, citrus pumpkin, and heavyweight crop. The
majority of implementations are aimed at
improving the accuracy of harvesting systems by
proposing a variety of approaches and methods,
each with its software and hardware architecture.

3.2 Communication Technologies In IOT Based
farms

According to a survey of IoT communication
technologies [31,32], communication technologies
must gradually improve the evolution of IoT
devices to incorporate IoT into the smart

agriculture sector. They have a significant impact
on the development of IoT systems. Protocol,
spectrum, and topology are the three types of
extant communication systems.

Protocols: For the smart agriculture sector, several
wireless communication  protocols have been
developed. Devices in a smart agricultural system
can communicate, exchange information, and make
decisions based on these protocols to monitor and
control farming conditions and increase yields and
production efficiency. Based on the communication
range, the common low-power communication
protocol numbers used in smart agriculture may
be split into short-range and long-range categories.

- Short-range: NFMI (near-field magnetic induction)
[33], Bluetooth [34], ZigBee [35], terahertz (Z-
Wave) [36,37], and RFID [38].

- Long-range: LoRa [39], Sigfox [40], and NB-IoT
(Narrowband [oT) [41]

Table 1 shows some of the most common
communication technologies used in smart

agriculture. Short-range communication technologies
have a transmission distance of less than 20 (m),

a high energy efficiency, and a low data rate,
according to the values in Table 1.
Long-range communication systems, on the other

hand, have transmission distances of up to many
tens of kilometers, require more energy, and are
installed for backhaul device-to-device connections.
Sundaram et al. give a diverse assessment of low-
power communication technologies for IoT that
includes solutions, problems, and some outstanding
topics. [42]
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Table 1. Some typical communication technologies
for smart agriculture.
Type Spectrum TIE‘;E‘:::’“ Type of Network Frequency Data Rate
802.11a/b/g/n/ac Unlicensed 100 m WLAN 24-5GHz 2-700 Mbps
802.11ah Unlicensed 1000 m WLAN Several Sub-GHz 78 Mbps
802.11p Licensed Tkm WLAN 59GHz 3-27 Mbps
802.11af Licensed Tkm WLAN 54-790 25-550 Mbps
SigFox Licensed S‘:l:lnig tz LPWA Zwave 100-600 bps
LoRaWAN Licensed 20 km LPWA Several Sub-GHz 0.3-100 kbps
NB-loT Licensed 35km LPWA Zwave 250 kbps
LTE-3GPP Licensed 5km WWAN 1.4 MHz 200 kbps
EC-GPRS Licensed 5m WWAN GSM bands 240 kbps
WIMAX Hybrid 50-80 km WWAN Several Sub-GHz 70 Mbps
Bluetooth Unlicensed 100 m WPAN 24GHz 2-26 Mbps
ZigBee Unlicensed Tkm WHAN 24 GHz 250 kbps
Z-Wave Unlicensed 100 m WHAN 900 MHz 100 kbps
6LoOWPAN Unlicensed 30m WHAN Zwave 250 kbps
NFC Unlicensed 20 em D2D 13.56 MHz 424 kbps

4. OBJECTIVE

Every aspect of traditional farming processes can
be significantly transformed by incorporating the
latest sensor and IoT technologies into agricultural
practices. Currently, the seamless integration of
wireless sensors and the Internet of Things in
smart agriculture can take agriculture to previously
imagined heights. IoT can help to enhance the
answers to many traditional farming challenges,
such as drought response, yield optimization, land
appropriateness, irrigation, and insect management,
by implementing smart agriculture methods. A
hierarchy of important applications, services, and
wireless sensors utilized in smart agriculture
applications is shown in Figure 3. Integrating
Machine Learning in this architecture will not just
inform wus about the stated problems but also
help us monitor the crop and follow the data
and predict how the crop will perform but also
provide solutions when any irregularities occur.

Smart
Agriculture

1
r T 1

Applications Services Sensors

L water and
Nutration —

Monitoring

Irrigation —  Leaf Sensors

| Diseases and Bug

Monitoring — Pesticides —

Stem Sensors

Temprature

—  Seil Monitoring — Sesnors

Fungicides —

Humidity
Sensors

Crop Health

Monitoring Herbicides —

) o Fruit Size
-~ Machinery —— Fertilization — -,
ensors

“—  Environment -~ Soil Preparation b

— Yield Condition

' Yield Storage

Figure 3.
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5. IMPLEMENTATION
5.1 Implementation of IoT Ecosystem.

We propose a common architecture for an IoT
ecosystem for smart agriculture in this part, which
is made up of three key components: IoT devices,
communication technologies, and data processing

and storage solutions. Figure 4 shows an
illustration of the [IoT ecosystem for smart
agriculture.

3. Processing & Data Storage, Big Data
Analysis, Making-Decision

Application

i
1
il
2. Communication Technologys gg

LoRa, NB-IoT, Wifi, etc.
4. Interacting with farmers/owner . & N
through application

Database

Estabiish reliable, secure, and robust I!
communications between Cloud and farms an

1. Monitoring farming environment based on IoT devices.

Figure 4. An illustration of IoT ecosystems’
architecture for smart agriculture

Sensors to collect data from the environment,
actuators with wired or wireless connections, and
an embedded system with a CPU, memory,
communication modules, input-output interfaces, and
battery power are all standard components of an

IoT device. Figure 5 depicts the common
architecture of a typical IoT device for smart
agriculture.
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Energy Module

mn
FPGA/ Processor

Communication /O Interface
Module Module

L 2 h 4 Y

Central Processing Unit (1) Central Processing Unit (2) Central Processing Unit (n)
Microcontroller Unit (n)

Microcontroller Unit (1)
Sensors (1) ] Actuators (1)

Microcontroller Unit (2)
Sensors (2) I Actuators (2)

Sensors (n) | Actuators (n)

Figure 5. An illustration of the common
architecture of an IoT device

5.2 Machine Learning

Using supervised Machine Learning algorithms,
previously labeled data with known responses are
supplied to the machine to understand the
patterns involved. It examines several types of
data, as well as the answers to various problems,
to discover a pattern. This stage is known as
data training. The more data there is, the more
precise the results will be. Testing the data is
the next step in supervised machine learning. In
this step, the machine is given a problem to
solve, and the machine, knowing the pattern of
solving the problem and the various replies,
provides the most appropriate answer.

The result's accuracy will be determined by the
amount of the data, the algorithms employed in
the data, and several other aspects such as noise
and outliers in the data used as training input.
The two most important steps in any classification
are learning and prediction. In the learning
process, the model is built using the feed training
data. In the prediction step, the model should
forecast the results based on the training data. A
decision tree algorithm, an efficient categorization

Sensed Diata

Microcontroller

to BOLT IOT Datasets ——p  Cloud Storage

Drartasets

!

Decision Tree
Adgoritlun

Besults

-

E-mail Alert

Figure 6. Data Flow Diagram

The data flow diagram represents the direction of
flow of data regarding a system. It provides
inputs and output of the entities present in the
system. The data flow model for the proposed
system is as in Figure 6.

5.2.1 Algorithm

e The decision tree algorithm is one of the most
efficient and simple algorithms among the
supervised learning family of algorithms.

e The decision tree algorithm is used to solve
several regression and classification problems,
unlike the other algorithms in supervised learning.

e The main objective of the decision tree algorithm
is to train the model which can predict the
value or class of the target variable by generating
clear and uncomplicated decision rules derived

Zyitem, can be used to perceive and interpret from the previous data ie., training data.

ata.
e To predict a class label of a record, it is
required to start from the first node which is
root node of the decision tree. The record’s
attribute should be validated with the values of
every root attribute.
e Based on the validations, a path containing
branches is followed with the matching value and
jumps to the succeeding node as shown in figure
7.
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Terminology in decision trees are:

e Root node: It is a starting node or a parent
node that is divided into two or more analogous
sets.

e Leaf node: These are lower-level nodes of the
tree which doesn’'t split further.

e Decision node: It is a sub-node splitting into
more sub-nodes.

e Splitting: It is the process of splitting a node
into more nodes.

e Pruning: removing of sub-nodes, reverse process
of splitting.

e Sub-tree/Branch: It is a part of an entire
decision tree. Child node: The node evolved from
the parent node by splitting.

Figure 7. Sample Decision Tree
5.2.2. Architecture

The main components of the proposed system
architecture are temperature, soil moisture,
humidity, light, water level, rain sensors, Bolt IOT
kit, and Arduino Uno microcontroller.

e BOLT IOT plays a central role in the system
by providing storage to the datasets and hosting
a web server.

e All the sensors are deployed in the field and
are connected to Arduino UNO as shown in
Figure 8.

e The data sensed through these sensors are sent
to Arduino Uno and processed in it and then via
Bolt [oT Wifi Module sent to the Bolt IOT cloud.

e Decision tree algorithm is applied to the
datasets to predict the accurate results

e The result is sent to the farmer through an
email/Sms containing all the updates of the farm.

e All data sent from the sensors to the Arduino
UNO and then to the Bolt IoT are stored in a
cloud database for future use.

5.2.3. Dataset

Datasets containing values of temperature, humidity
and soil moisture, water level are loaded into the
decision tree algorithm. These datasets contain
values of different scenarios in the fields to train
the model accurately. The temperature is Celsius,
and humidity and soil moisture are represented in
percentages. Sample datasets areas show in Table
2.

Table 2. Sample Datasets

S.MNo, | Temperature (°C) [ Humidity (%) Soil Maoisture (%)
1] 36 [ 76 | g1
2| 20 [ 83 | 70
5 14 ' 73 | 23
4 41 [ 79 | 71
5 a4 ' 73 | 65
i 43 [ 75 TH
7 6 ' 73 | 69
B 38 : 62 | 48
0 47 67 T4
10 51 ' 69 | 58
11 53 ' 67 | 45
12 48 [ 93 | 57
13 49 a0 | 35
14 29 76 | &7
15 3l 74 64

5.3 Anomaly Detection

Anomaly detection is the process of locating
unusual things or events in data sets that are
out of the ordinary.

Anomalies in simple graph representations can be
easily spotted by setting thresholds, e.g.

But what about visualizations in which thresholds
aren't possible to set?

A technique for anomalies is Z-score

Analysis.

detecting

Essentially, the Z-score is used to compute limits,
or upper and lower bounds, for plotted data.
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Figure 10. An illustration of a fully
automated 10T-based indoor farm ecosystem.

6. DESIGN AND ARCHITECTURE
6.1 Arduino Uno

The Arduino Uno is a Microchip ATmega328P-based
open-source  microcontroller board created by
Arduino.cc. The board has digital and analog
input/output (I/0) pins that can be used to
connect to different expansion boards (shields) and
other circuits. The board contains 14 digital 1/0
pins (six of which can be used to generate PWM
output) and 6 analog I/O pins, and it can be
programmed using the Arduino IDE (Integrated
Development Environment) and a type B USB
connector. It can be powered by a USB cable or
an external 9-volt battery, and it can handle
voltages ranging from 7 to 20 volts. It resembles
the Arduino Nano and Leonardo in appearance.

The hardware reference design is available on the
Arduino website under a Creative Commons

Attribution-Share-Alike 2.5 license. Some versions of
the hardware have
available.

layout and production files

6.2 BOLTIOT Kit

For the Bolt Devices connected to your account,
the Bolt Cloud API provides an interface for
connection between the Bolt devices and any 3rd
party system control, monitoring, communication,
and utility services. The Bolt Cloud API makes
use of mobile apps, web servers, and Python
programmes, among other things. The API employs
the HTTP GET and HTTP POST methods to
communicate and uses a very user-friendly HTTP
protocol. As a result, users can programmatically
execute operations and obtain data from Bolt
devices using standard HTTP requests.

Here are a few examples of how the API can be
used:

To control and monitor Bolt devices over the
Internet, use the API in native iOS and Android

apps.

To execute your unique Al algorithms and analytics,
pull sensor data and connect it to a Bolt device
or any other cloud.

Use Bolt Cloud to connect to any VPS (Virtual
Private Server) and run your code in any
language. Refer to the code examples.

Remote Operating System: Using the API, Bolt
devices can function similarly to a board with an
operating system, such as the Raspberry Pi or
Beagle Bone, with the exception that the operating
system will be hosted on a remote VPS (Virtual
Private Server). The Bolt will collect data from
the sensors and send it to a Linux-based VPS.
The processing will take place on the VPS, which
will send commands to the Bolt device to control
motors, LEDs, and actuators. In this type of
system, you can use all of the capabilities of a
Linux OS.

6.3 LM35 Temperature Sensor

The system's functioning premise is straightforward.
Allow me to explain.

The LM35 sensor in our system detects the
temperature of its surroundings and creates an
analogue output voltage based on its value. The
LM35's analogue voltage is then fed into the Bolt
A0 pin as an input. The Bolt then converts the
analogue value to a ten-bit digital number
between 0 and 1023. The Bolt device sends this
digital data to the cloud.
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As a result,

raw sensor results

temp =

The converted digital
visual representation.

L35

while plotting the temperature,

must be converted into
real temperature value, which is done using
following formula:

(analog_value100)/1023*

data is then plotted

"~ GND-Ground

Vs-Supply Voltage

LM35 Pin

Vs Supply
Voltage

Vout - Output

GND Ground

Corresponding Bolt WiFi
Module Pin

5V

AD

GND Ground

6.3 DHT11 Sensor

" Vout - Output

Comment

LM35 sensor operates at 5V

the
the
the

for

Since the output is analog and AQ is the only pin on Bolt WiFi
madule that can read an analog input.

The ground pin of the LM35 to be connected to the ground pin

of Bolt WiFi module.

6.4 Water Level Sensor

The water level sensor is a device that detects an
excessively high or low liquid level in a
stationary container. It can be classified into two
sorts based on how the liquid level is measured:
contact type and non-contact type. A contact
measurement is an input type water level
transmitter that turns the height of the liquid
level into an electrical signal for output. It's a
frequently utilised water level transmitter right
now.

—

5 @
.
|

A servo motor is an electromechanical device that
uses current and voltage to produce torque and
velocity. A servo motor is part of a closed loop
system that provides torque and velocity as
directed by a servo controller and is closed by a

6.5 Servo Motor

c | Typieal feedback device. The feedback device provides
Humidif . . . )
= T5RH TeRH TR information to the servo controller, which modifies
8 Bit -
Repeatabity e the motor action based on the commanded
Accaraty =T EA%RH parameters, such as current, velocity, or position.
0-50C +5%RH
Interchangeability | Fully Interchangeable
= e conms
50T 20%RH B80%RH
Response Time | 1/e(63%)25C. | 65 105 155 Tach. Feedback
(Seconds) 1m/s Air Motor power
Hysteresis £ 1%RH "
Long-Term Typical < 1%RH/year Driver
Stability
Temperature
1C 1T 1T Tachometer
8 Bit 8 Bit 8 Bit
+1C
:::;::mm ;g < ;‘T;Ct Brush DC Servo Motor
R
n::ponse Time 1/e(63%) 6S 305
¢ 6.6 LDR Sensor
An LDR's operating principle is photoconductivity,
VoD VoD which is nothing more than an optical phenomena.
When light is absorbed by the substance, the
5K in T . . . .
= material's conductivity improves. When light shines
MCU —— 20| DHT11 on the LDR, the electrons in the material's
4Pin valence band rush to the conduction band.
However, the photons in the incident light must
GND have more energy than the material's bandgap in
order for the electrons to jump from one band
to the next (valance to conduction).
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As a result, when light has a lot of energy, more
electrons are stimulated to the conduction band,
resulting in a lot of charge carriers. The
resistance of the device diminishes as the effect
of this process becomes more apparent and the
current flow increases.

Lignt

I | —

Semi-nsulating substrate

cireuit symbol

6.7 Software Implemented

Arduino ide - it is an open source development
environment which helps us with wusing Arduino
uno/ nano/ mega and many other types of
Arduino for different projects. It provides us with
a coding environment and it comes with pre
loaded libraries and other libraries can also be
installed. It has a very user friendly environment.

6.8 BoltIOT Cloud

It helps us with managing different projects at the
same time and also comes with real-time data
monitoring system. It also provides us with a
coding environment that helps us in visualizing
the data.

12V Power Supply

6.9 Decision Tree

The Decision Tree algorithm is part of the
supervised learning algorithms family. The decision
tree approach, unlike other supervised learning
algorithms, may also be utilized to solve

regression and classification issues. The purpose of
employing a Decision Tree is to develop a
training model that can be used to forecast the
class or value of the target variable by learning
basic decision rules inferred from prior data
(training data). We start at the root of the tree
when predicting a class label for a record. The
values of the root attribute and the record's
attribute are compared.

CHECK LEVEL RoOT CHECK LEVEL

CHECK RAIN CHECK RAIN

LEVEL>=THRESHOLD
LEVEL<THRESHOLD VALUE AL OR

CHECK HUMIDITY &
TEMP.

CHECK HUMIDITY &
RAINSTHRESHOLD VALUE Lo

HUMIDITY &
TEMP<THRESHOLD VALUE HUMIDITY &

TEMP>=THRESHOLD VALUE IRRIGATION VALVE CLOSED

CHECK AGAIN WHEN
IRRIGATION VALVE
ANOMALY DETECTED sepiods

The examples are classified using decision trees by
sorting them down the tree from the root to a
leaf/terminal node, with the leaf/terminal node
providing the classification.

Each node in the tree represents a test case for
some property, with each edge descending from
the node corresponding to the test case's possible
solutions. This is a cyclical procedure that occurs
for each subtree rooted at the new node.

6.10 Data Flow

START
'DATA ACQUISITION

MODE SELECT
DATA

MANUAL OFF AuTO MANUAL ON DECISION TREE

SELECT COLUMNS
INDATASET

LEVEL CHECK

SPUTDATA

"DATA GATHERING

TEST DATA

MLALGO ~ SCOREMODEL
DECISION

EVALUATE MODEL
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6.11 Polynomial Regression

Polynomial Visualizer is a popular data
analytics/machine learning algorithm for fitting a
non-linear curve to a given data collection. The
trend can then be utilized to figure out where
further data points may be found. The Visualizer
is designed to assist you in determining whether
Polynomial Visualizer is the best option for your
ML system, and if it is, the Visualizer will assist
you in determining the best potential parameters
to utilize with the Visualizer model.

Data (tf) = (Cn*tn) + (Cn-1*tn-1) + (Cn-2*tn-2)
+ s (C1%€1) + CO

which most closely resembles the trend in the
input data. This number tells the Visualizer how
many elements should be present in the function
i.e. the value of n.

6.12Code
6.12.1 Arduino code (Data Collection)

#include "DHT.h"

#include <boltioth>

#include <BoltDeviceCredentials.h>
#define DHTPIN 7

#define DHTTYPE DHT11

#include <Servo.h>
#ifndef API_KEY
#define APIKEY
#endif

#ifndef DEVICE_ID
#define DEVICE_ID "boltdeviceid"
#endif

"boltcloudAPI"

int servoPin = 3;

Servo Servol;

DHT dht11(DHTPIN , DHTTYPE);

String getAnalogData(String *data){
String retval="";
retval=retval+analogRead(A1);

return retval;

//Serial.read();

}

String getLDR(String *data){
String LDR="";
LDR=LDR+analogRead(A5);
return LDR;

}

String getRain(String *data){
String r="";
r=r+analogRead(A3);
return 1;

}
String getTemp(String *data){

String value = "";

int chk = dhtll.read(DHTPIN);
value = value+ (int)dhtll.readTemperature();
return value;

}

String getHum(String *data){
String value = "";

int chk = dhtll.read(DHTPIN);

value = value+ (int)dhtll.readHumidity();
return value;
}

void setup () {
Serial.begin (9600);
Servol.attach(servoPin);
pinMode(A1,INPUT);
pinMode(A5,INPUT);
pinMode(A3,INPUT);
Serial.setTimeout(500);
boltiot.begin(Serial);
boltiot.setCommandString("Level",getAnalogData);
boltiot.setCommandString("LDR",getLDR);
boltiot.setCommandString("Rain",getRain);
boltiot.setCommandString("getHum",getHum);
boltiot.setCommandString("getTemp",getTemp);
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}
void loop() {

boltiot.handleCommand();

7. RESULTS AND DISCUSSION

After applying the decision tree algorithm to the
sensed datasets, an output containing the decision
to water the crop is made. This output containing
the decision is sent to the wusers or farmers
through an Electronic mail (E-mail) using the
simple mail transfer protocol. T

The two types of decisions are named Yes and
No.

a) If the algorithm predicts the result as yes,
then an alert is sent to the farmer as shown in
Figure 9.

b) If the algorithm predicts the result as no, then
an alert is sent to the farmer as shown in
Figure 10.

T Select Anaconda Prompt (anaconda3)

Figure 9. E-mail alert for Water requirement

Waler Presence 0 Temparature 35.0 Humidity 33.00

Resull - Waler requirermer

Figure 10. E-mail alert for No Water
requirement

Prediction points: This number tells the Visualizer
how many future data points need to be
predicted.

No. Polynomial coefficients: Polynomial Visualizer
processes the given input time-dependent data, and
outputs the coefficients of the function of the
form:

Frame Size: These are the number of previous
data points the Visualizer will use to predict the
trend of the data. For example, if you set this
value to 5, the Visualizer will use the previous 5
points to predict the trend

Temp Prediction

Data Count: 72 | Push Data To Cloud

=== Actual === Predict History Predicted

Figure 11. depicts the prediction, actual and
predicted history of the input data and output
of ML algorithm.

Following data will be utilized as a prediction for
future anamoly and irregularities in the crop yield
and thus will be helpful in taking early
precautions accordingly.

Hence saving time , energy, money and labor of
the farmer
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8. CONCLUSION

We offered an overview of indoor farming utilizing
[oT and machine learning in this paper. Several
topics relevant to boosting [oT deployment in
agriculture have been thoroughly examined. Many
research has been conducted to utilize IoT for
smart agriculture, to increase output, reduce
human labor, and improve production efficiency,
according to survey results. It highlighted the
advantages of wusing IoT and big data in
agriculture. We also discussed the obstacles that
must be solved to expedite the use of I[oT in
smart agriculture. However, significant obstacles
must be overcome before I[oT solutions can be
made cheap for the majority of farmers, especially
small and medium-scale farms. Furthermore,
security technologies must be upgraded regularly,
but we believe that the use of IoT solutions and
machine  learning in  smart  agriculture s
unavoidable and will increase productivity, supply
clean and green foods, promote food traceability,
minimize human labor, and improve production
efficiency. On the other hand, The system was
designed to learn from the data provided.

The file contains all of the data that has been
sensed by the Sensors. By utilizing the decision
tree learning algorithm is a member of the family
of the real-world application of supervised machine
learning methods.

It analyses time data
with the decision.

and updates the farmer

REFERENCES

[1] Balaji Bhanu, Raghava Rao, ].V.N. Ramesh, and
Mohammed Ali Hussain, “Agriculture Field
Monitoring and Analysis using Wireless Sensor
Networks for improving Crop Production”, 2014
Eleventh International Conference on Wireless
and Optical Communications Networks (WOCN)

[21 LIU Dan, Cao Xin, Huang Chongwei, ]JI Liang
Liang, “Intelligent agent greenhouse environment
monitoring system based on IOT technology”,
2015 International Conference on Intelligent
Transportation, Big Data & Smart City

[3] Joseph Haule, Kisangiri Michael, “Deployment of
wireless sensor networks (WSN) in automated
irrigation management and scheduling systems:

a review”, Science, Computing and
Telecommunications (PACT), 2014, Pan African
Conference

[41 hi, X; An, X; Zhao, Q. Liu, H. Xia, L. Sun,
X.; Guo, Y. "State-of-the-Art Internet of Things

in Protected Agriculture”, Sensors 2019, 19,
1833.M. Young, The Technical Writer’s
Handbook. Mill Valley, CA: University Science,
1989.

[5] Z. Nurazwin, H. Norhashila, A. Khalina, and H.

Marsyita, Application of laser-induced
backscattering imaging for predicting and
classifying  ripening stages of “Berangan”
bananas, Computers and Electronics in

Agriculture, 160, 2019, 100-107.

[(] Meng Ji-Hua, Wu Bing-fang, Li Qiang-zi, “A
Global Crop Growth Monitoring System Based
on Remote Sensing”, 2006 IEEE International
Symposium on Geoscience and Remote Sensing.

Robert
Anderson,
Habitat

[71 Alan Mainwaring, Joseph  Polastre,
Szewczyk, David Culler, John
“Wireless Sensor Networks for

Monitoring”, International Conference.

[8] Lei Xiao, Lejilang Guo, “The Realization of
Precision Agriculture Monitoring System Based
on Wireless Sensor Network”, 2010
International Conference on Computer and
Communication  Technologies in  Agriculture
Engineering.

[91 Ling-ling LI, Shi-feng YANG, Li-yan WANG,
Xiang-ming GAO, “TheGreenhouse Environment
Monitoring System Based on Wireless
SensorNetwork Technology”, Proceedings of the
2011 IEEE International Conference on Cyber
Technology in Automation, Control, andIntelligent
Systems, March 20-23, 2011, Kunming, China.

[10] Chun-ling Fan, Yuan Guo, “The Application of
a ZigBee BasedWireless Sensor Network in the
LED Street Lamp Control System”, 2013,
College of Automation & Electronic Engineering,
QingdaoUniversity of Scientific & Technology,
Qingdao, China embeddedtechnology, Consumer
Electronics - China, 2014 IEEE International
Conference.

[11] Agricultural Robots Market by Offering, Type
(UAVs, Milking Robots, Driverless Tractors,
Automated Harvesting Systems), Farming
Environment, farm Produce, Application (Harvest
Management, Field Farming, Geography - Global
Forecast to 2025.
https://www.marketsandmarkets.com/Market-
Reports/agricultural-robot-market-173601759.html,
2020 (accessed 07.03.2020).

© 2022, IRJET | ImpactFactor value: 7.529

ISO 9001:2008 Certified Journal | Page 338



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 09 Issue: 06 | June 2022

www.irjet.net

p-ISSN: 2395-0072

[12] M. Vega-Heredia, R. E. Mohan, Y. W. Tan, J.
S. Aisyah, A. Vengedesh, S. Ghanta and S.
Vinu, Design and modelling of a modular
window cleaning robot, Automation in
Construction, 103, 2019, 268-278.

[13] L. Barbieri, F. Bruno, A. Gallo, M. Muzzupappa
and M. L. Russo, Design, prototyping and
testing of a modular small@sized underwater
robotic arm controlled through a master-slave
approach, Ocean Engineering, 158, 2018, 253-
262.

[14] 14. Yunseop Kim, Member, IEEE, Robert G.
Evans, and William M. Iversen, “Remote
Sensing and Control of an Irrigation System
Using aDistributed Wireless Sensor Network”,
leee transactions oninstrumentation and
measurement, vol. 57, no. 7, July 2008.

[15] R. Balamurali, K. Kathiravan, “An Analysis of

Various RoutingProtocols for Precision
Agriculture using Wireless Sensor Network”,
2015, IEEE International Conference on

Technological Innovations inICT for Agriculture
and Rural Development (TIAR 2015).

[16] Giuseppe Anastasi, Orazio Farruggia, Giuseppe
Lo Re§, and MarcoOrtolani, “Monitoring High-
Quality Wine Production using WirelessSensor
Networks”, Proceedings of the 42 Hawaii
International Conference on System Sciences -
2009.

[171 Rwan Mahmoud, Tasneem Yousuf, Fadi Aloul,
“Internet of Things (IoT)Security: Current
Status, Challenges and Prospective Measures",
Internet Technology and Secured Transactions
(ICITST), 2015 10th International Conference.

[18] Dragos Mihai Ofrim, Bogdan Alexandru Ofrim
and Dragos loanSacaleanu, “Improved
environmental monitor and control using
awireless intelligent sensor network”, Electrical
and ElectronicsEngineering (ISEEE), 2010, 3rd
International Symposium.

[19] Rachel Cardell-Oliver, Keith Smettem, Mark

Kranz and Kevin Mayer, “Field Testing a
Wireless Sensor Network for Reactive
Environmental Monitoring”, 2004 IEEE

International Conference.

[20] Duan Yan-e, “Design of Intelligent Agriculture
Management Information System Based on IoT”,
2011  Fourth International Conference on

Intelligent Computation Technology and
Automation.
[21] Fiona Edwards Murphy, Emanuel Popovici, P

adraig Whelan, andMichele Magno, “Development
of Heterogeneous Wireless SensorNetwork for

Instrumentation and Analysis of Beehives”,
Instrumentationand  Measurement  Technology
Conference (I2ZMTC), 2015 IEEEInternational

Conference.

[22] T. Milan, B. Adam and ]. Slavka, Design of a
prototype for a modular mobile robotic
platform, IFAC-PapersOnLine, 52(27), 2019, 192-
197.

[23] A. Ruckelshausen, P. Biber, M. Dorna, H.
Gremmes, R. Klose, A. Linz, et al, BoniRob:
An autonomous field robot platform for
individual plant phenotyping, Precision
Agriculture, 9(841), 2009, 841-847.

[24] M. Stein, S. Bargoti and ]. Underwood,
Image based mango fruit detection, localization
and yield estimation wusing multiple view
geometry, Sensors, 16(11), 2016, 1-25.

[25] ]. Roca, M. Comellas, ]J. Pijuan and M. Nogues,
Development of an easily adaptable three-point
hitch dynamometer for agricultural tractors.
Analysis of the disruptive effects on the
measurements, Soil and Tillage Research, 194,
2019, 1-11.

[26] Agras MG-1S Series. https://www.dji.com/mg-1s,
2020 (accessed 07.03.2020).

[271 C. Reza Karmulla, K. Seyyed Hossein, R-K.
Hossein, M. Alireza and M. Motjaba, Predicting
header wheat loss in a combine harvester, a
new approach, Journal of the Saudi Society of
Agricultural Sciences, 19, 2020, 179-184.

[28] C. Anil, K. Habib and M. Sahin, Development of
an electro-mechanic control system for seed-
metering unit of single seed corn planters Part
II: Field performance, Computers and
Electronics in Agriculture, 145, 2018, 11-17.

[291 Y. Shi, S. Xin, X. Wang, Z. Hu, N. David and
W. Ding, Numerical simulation and field tests
of minimum-tillage planter with straw smashing
and strip laying based on EDEM software,
Computers and Electronics in Agriculture, 166,
2019, 105021

© 2022, IRJET | ImpactFactor value: 7.529

ISO 9001:2008 Certified Journal | Page339



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 09 Issue: 06 | June 2022

www.irjet.net

p-ISSN: 2395-0072

[30] S. Khwantri, C. Choochart, K. Khanita, K
Pornnapa, C. Somchai and T. Eizo, Effect of

metering device arrangement to discharge
consistency of  sugarcane billet planter,
Engineering in Agriculture, Environment and

Food, 11(3), 2018, 139- 144

[31] Alam, M.M., Malik, H.; Khan, M.; Pardy, T,
Kuusik, A.; Le Moullec, Y. A Survey on the
Roles of Communication Technologies in IoT-
Based Personalized Healthcare Applications. IEEE
Access 2018, 6, 36611-36631. [CrossRef]

[32] Chettri, L.; Bera, R. A Comprehensive Survey on
Internet of Things (IoT) Toward 5G Wireless
Systems. IEEE Internet Things J. 2020, 7, 16-
32. [CrossRef]

[33] Pal, A; Kant, K. NFMI: Connectivity for Short-
Range IoT Applications. Computer 2019, 52, 63-
67. [CrossRef]

[34] Collotta, M.; Pau, G.; Talty, T. Tonguz, O.K.
Bluetooth 5: A Concrete Step Forward toward
the IoT. IEEE Commun. Mag. 2018, 56, 125-
131. [CrossRef]

[35] Bacco, M., Berton, A. Gotta, A, Caviglione, L.
IEEE 802.15.4 Air-Ground UAV Communications
in Smart Farming Scenarios. IEEE Commun.
Lett. 2018, 22, 1910-1913. [CrossRef]

[36] Gente, R, Busch, S.F,; Stubling, E.-M.;
Schneider, L.M.; Hirschmann, C.B.; Balzer, ].C;
Koch, M. Quality Control of Sugar Beet Seeds
With THz Time-Domain Spectroscopy. IEEE
Trans. Terahertz Sci. Technol. 2016, 6, 754-
756. [CrossRef]

[37] .Afsharinejad, A.; Davy, A., Naftaly, M. Variability
of Terahertz Transmission Measured in Live
Plant Leaves. IEEE Geosci. Remote Sens. Lett.
2017, 14, 636-638. [CrossRef]

[38] Wang, X; Zhang, J; Yu Z; Mao, S;

Periaswamy, S.C.G; Patton, J. On Remote

Temperature Sensing Using Commercial UHF

RFID Tags. IEEE Internet Things ]. 2019, 6,

10715-10727. [CrossRef]

[39]1 Ali, S; Glass, T, Parr, B, Potgieter, ]; Alam,
F. Low Cost Sensor with IoT LoRaWAN
Connectivity and Machine Learning-Based
Calibration for Air Pollution Monitoring. IEEE
Trans. Instrum. Meas. 2021, 70, 5500511.
[CrossRef

[40] Joris, L. Dupont, F. Laurent, P.; Bellier, P,
Stoukatch, S.; Redouté, ]. An Autonomous Sigfox

Wireless Sensor Node for Environmental
Monitoring. IEEE Sens. Lett. 2019, 3, 5500604.
[CrossRef]

[41] Popli, S; Jha, RK; Jain, S. A Survey on
Energy Efficient Narrowband Internet of Things
(NBIoT): Architecture, Application & Challenges.
IEEE Access 2019, 7, 16739-16776. [CrossRef]

[42] Sundaram, ].P.S; Du, W. Zhao, Z. A Survey on
LoRa Networking: Research Problems, Current
Solutions, and Open Issues. IEEE Commun.
Surv. Tutor. 2020, 22, 371-388

[43] Dishay Kissoon, Hinouccha Deerpaul and
Avinash  Mungur, “A Smart Irrigation and
Monitoring System”, The International Journal of
Computer Applications, vol. 163, No. 8, Apr.

2017

[44] Sanyam Gupta Sukriti, K. Indumathy, "IoT based
smart irrigation and tank monitoring
system",International Journal of Innovative
Research in Computer and Communication

Engineering, vol. 4, no. 9, September 2016.

[45] Anuja Chandgude, Nikita Harpale, Diksha Jadhav,
Punam Pawar and Suhas M. Patil, “A Review
on Machine Learning Algorithm Used for Crop
Monitoring System in Agriculture”, International
Research journal of Engineering and Technology
(IRJET), vol. 05, Issue 4, Apr. 2018

[46] T. Baranwal, N. and P. K. Pateriya,
“Development of IoT based Smart Security and
Monitoring  Devices for  Agriculture”,  6th
International Conference - Cloud System and

Big Data Engineering (Confluence), 14-15 Jan.
2016.

[47] M. K. Gayatri, ]J. Jayasakthi andG.S.Anandha
Mala, “Providing Smart Agriculture Solutions to
Farmers for better yielding using IoT”, IEEE
Technological Innovation in ICT for Agriculture

and Rural Development (TIAR), 10-12 Jul
2015.

[48] Decision Tree For Classification: A Machine
Learning Algorithm, Available from:

https://www.xoriant.com/blog/product-
engineering/decision@trees-machine-learning-
algorithm.html

© 2022, IRJET | ImpactFactor value: 7.529

ISO 9001:2008 Certified Journal | Page 340



u, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 09 Issue: 06 | June 2022 www.irjet.net p-ISSN: 2395-0072

[49] Y. Mohana Roopa, etal,”A Survey of Fog
Computing: Fundamental, Architecture,
Applications and Challenges” ,IEEE International
conference on IoT in Social, Mobile, analytics
and Cloud ISMAC-19,December 12-14, 2019.ISBN:
978-1-7281- 4364-4, Page No: 498-502.

[50] Y. Mohana Roopa, etal,”’A Survey of Fog
Computing: Fundamental, Architecture,
Applications and Challenges” ,IEEE International
conference on IoT in Social, Mobile, analytics
and Cloud ISMAC-19,December 12-14, 2019.ISBN:
978-1-7281- 4364-4, Page No: 498-502

© 2022, IRJET | ImpactFactorvalue:7.529 | 1S09001:2008 Certified Journal | Page 341



